Propagation of short period S waves through the crust is strongly controlled by scattering loss and intrinsic absorption. Scattering loss controls the shape of the seismic envelope and the spatial distribution of the energy while intrinsic absorption produces an exponential decay as a function of time which is independent of the coordinates. Since both parameters have a different effect, it is possible to compute them by means of the Multiple Lapse Time Window Analysis (MLTWA). In this paper, high resolution maps of Japan for both seismic S-wave attenuation parameters are obtained by using the MLTWA with data provided by the Hi-net seismic network. The maps show strong regional variation of the parameters. The variations depend mainly on the tectonic setting of each region and volcanism mechanisms. In the scattering loss maps, in the 1-2 Hz map, there is a very different behaviour between the northeast (stronger scattering loss) and the southwest (much weaker scattering loss). In the northeast of Japan, areas with strong scattering loss correspond mainly to the location of the volcanic arcs. In Southwest Japan, Chugoku region and the west side of Kii peninsula show strong scattering levels for the 4-8 Hz and higher frequency bands. In Hokkaido, strong scattering loss and intrinsic absorption can be observed for the lower frequency bands. In the Sendai plain, we find strong scattering loss for all the frequency bands. Under all these areas low velocity anomalies have been detected in previous works. In Tohoku area the east side shows lower intrinsic attenuation than the west side. This characteristic seems to extend to the southern part of Hokkaido and to central Japan. In Kanto area, the values of intrinsic absorption are lower than in the surrounding areas; but in the region around the Itoigawa-Shizuoka tectonic line and in its western side strong absorption areas are observed. The behaviour of each area for intrinsic absorption is similar to the behaviour observed in the Q −1 c maps. The MLTWA is based on the hypothesis of multiple isotropic scattering in a medium with the homogeneous distribution of scattering mean free path and intrinsic absorption. Although these hypotheses are very simple, the results are very informative on the characteristics of each region, and show the usefulness of studying the properties of scattered seismic waves in the understanding of the properties of the crust.
Scattering and absorption in Japan 269 group (UNIV) and National Research Institute for Earth Science and Disaster Prevention (NIED) are collected by the NIED for archive of data and distribution to the public through their web page http://www.hinet.bosai.go.jp/ (in Japanese) since 2002 June. These high quality data, combined with strong motion data provided by Knet and Kik-net are very useful not only for the study of seismicity and seismotectocnics but also for the quantitative evaluation of earthquake strong motion. Precise mapping of seismic wave velocity has been done by applying tomography methods to onset readings of Hi-net data. See for example, Nakamura et al. (2008) . For more precise description of wave propagation, it is necessary to establish the spatial distribution of scattering characteristics and attenuation especially for the quantitative prediction of earthquake motion in each region. There have been some studies on apparent seismic attenuation of S waves by Nakamura et al. (2006) . Jin & Aki (2005) made a precise map of coda Q c from the analysis of Hi-net data, which shows significant spatial variation and a strong frequency dependence.
In addition to seismic velocity, there are two key factors which characterize S-wave propagation: scattering coefficient g 0 which is a measure of medium heterogeneity and the scattering power per unit volume and intrinsic absorption Q −1 i which changes the vibration energy into heat. We should note that the scattering coefficient is not only a measure of coda excitation but also a measure of the amplitude attenuation per travel distance; therefore, it is also convenient to define the scattering loss parameter Q −1 s , which is given by
where ω is the angular frequency and v is the S-wave velocity. Detailed information on the attenuation structure provides insight into the nature of complexities in the Earth structure and composition. In this paper, we compute scattering loss Q −1 s , intrinsic absorption Q −1 i and the seismic albedo B 0 , which is the ratio of scattering loss to the total S-wave attenuation, by using the Multiple Lapse Time Window Analysis (MLTWA, Hoshiba 1991; Fehler et al. 1992; Sato & Fehler 1998) in Japan. This work may be considered a reappraisal or extension of the pioneer work done by Hoshiba (1993) . In his paper, he showed strong regional dependence of attenuation parameters in Japan. However, density of the stations was very low (he used only 16 stations). In our case, we take benefit of the high quality Hi-net data in order to elaborate high resolution maps. Also coda attenuation Q −1 c is computed for the same data set and results are compared with those from other attenuation parameters.
DATA A N D M E T H O D
For this study, we have collected Hi-net data from more than 135 000 events with magnitudes higher than 1.5 and maximum 3.5 within the period 2002 June-2007 December. Hi-net stations uniformly cover the Japanese Islands with a spacing of 20-30 km, allowing us to plot high resolution maps (see Fig. 1 for the location of hypocentres and stations and Fig. 2 for the main topographic features of the islands). From each station we obtained data for the three components and the records provide signals sampled at a 100 Hz rate. For every station, we collected events within a radius of 100 km and a maximum depth of 40 km. At least 20 events have been collected at every station to perform each calculation. If a smaller amount of data is available calculations are not performed. Then, our results show Nakata, T. and Imaizumi, T. (2002) . In (b), the locations of the Hi-net stations used in this study are indicated by small triangles and the events with magnitudes higher than 1.5 and lower than 3.5 are depicted as grey dots.
lateral variations of the average properties of the crust around each station.
In this paper, we consider the square sum of the three component amplitudes of the incoming S waves and the following coda as a measure of the energy arriving to the station. Then, a single 270 E. Carcolé and H. Sato energy envelope, representing the total energy arriving to each station is considered for each event. From this envelope, attenuation parameters are evaluated.
Multiple Lapse Time Window Analysis
The MLTWA is a method to analyse the seismic time traces taking into account that their characteristics strongly depends on Q −1 s and Q −1 i (e.g. Hoshiba 1991; Fehler et al. 1992; Hoshiba 1993; Sato & Fehler 1998) . In order to determine the values of Q −1 s and Q −1 i , it is very convenient to consider the logarithm of the integral of the energy on a certain number of time windows. Usually, three windows are considered, although a larger number could be used at the expense of a longer computation time. The length of the windows is in most cases taken as approximately 15 s. Q −1 s and Q −1 i determine how the energy is distributed in each window and its dependence with the hypocentral distance. Each parameter has a different influence. When scattering is weak, most of the energy is concentrated in the first window. However, as stronger scattering values are considered, more energy is accumulated in the second and third windows at the cost of the energy in the first window. If we consider different distances, the ratio at which the energy should increase for the second and third window strongly depends on the value of Q −1 s . Intrinsic absorption Q −1 i produces a linear decay on time of the logarithm of the energy of the seismic wavefield which is independent on the coordinates. Then, its effect is mainly to produce a linear decay on the logarithm of the energy of every window as a function of hypocentral distance. Then, the study of the logarithm of the energy for each window versus hypocentral distance provides an ideal framework that allows separating the influence of each attenuation parameter.
In order to determine the parameters, it is necessary to compare the observed results with the ones provided from a certain theoretical model. If we assume an infinite extent media of constant characteristics and isotropic scattering, it is possible to derive an approximate analytic expression for the energy density of the time traces P(r, t) for a unit energy source radition, as a function of the hypocentral distance r, the scattering loss Q Scattering and absorption in Japan
i the S-wave velocity v and the frequency ω:
This approximate expression was derived by Paasschens (1997) and has an accuracy higher than 3% for the onset and the following coda. The exact solution is a double integral expression derived previously by Zeng et al. (1991 and thus carry out a fitting process with a leastsquares algorithm. Eq. (2) has been previously used by Abubakirov (2005) to perform this kind of analysis. The fitting process is usually performed by using a least-squares algorithm.
We explain now in some detail our implementation of the MLTWA. We consider a single station for each calculation. For each event located at a certain hypocentral distance r i , the addition of the mean squares of amplitudes of each component, within a lapse time of 45 s, measured from the onset of S waves, is computed. It should be noted that we only consider time traces with signal-to-noise ratio higher than 3 for the three windows. Then, we use the same amount of data for each window. This is convenient since lateral variations in Japan are sometimes strong and it is important to make sure that the same amount of information is contained in each window. With this criteria more than 190 000 useful time traces were obtained.
To filter the envelopes, we use bandpass Butterworth filters of order 3, back and forth, to avoid phase delays. We consider the following frequency bands: 1-2, 2-4, 4-8, 8-16 and 16-32 Hz. We remark here that after the filtering process we keep a 100 Hz sampled signal. Previous to filtering, we assigned zeroes for times smaller than the arrival of the S wave in order to avoid further contributions from P waves. This way, for the first time window, the integration process may start −1 s before the arrival of the S wave in order to take into account correctly the energy contained in the first window (Hoshiba 1993) . We consider three 15 s time windows in total. We carry out the integral of the energy contained in each window and we call them U i, j , where j = 1, 2, 3 indicates the window. We normalize each integral by dividing the signal with the integration window of ±5 s around t ref = 65 s. We call this normalization factor U i,4 . This way we correct for the source power and local amplification at each station (Aki 1980) . We correct for geometrical spreading with a 4πr 2 i factor. For each window we consider then the logarithm of the total energy contained in each window. In order to fit the attenuation parameters we define the following merit function
− log 4πr
where
i ) is the integral for each window computed with the synthetic envelope given by (2) and P i,4 (Q −1
i ) is the corresponding normalization factor. We remark here that a 100 Hz sampled synthetic envelope is considered in order to carry out the integration in the same way as with the observed envelopes for the consistency of the fitting process. In order to evaluate (2) a different single average S-wave velocity is used for every station. To estimate the velocity, the average S-wave velocity around the region of every station we consider the ratio of the hypocentral distance and the Swave arrival time for each event and then we average all the ratios. Although this method of calculating average S-wave velocities only considers the path of the direct waves, it allows taking into account easily regional variations of the average velocity. Since gradients of velocity are sometimes noticeable, we considered that it is better to work with this estimate rather than working with a single average velocity through all Japan as in Hoshiba (1993) .
We need now to implement a fast and reliable algorithm to minimize χ 2 in order to compute attenuation parameters for a very large number of data sets. Usually, a grid search method is used to determine the attenuation parameters. However, the grid search method is not a fast method and the accuracy is limited by the size of the grid. In the literature and in common software packages there are robust, efficient and accurate techniques to carry out non-linear least-squares fitting, as the well-known Levenberg-Marquard algorithm. The Levenberg-Marquard algorithm is a wise combination of the steepest descent and the Gauss-Newton algorithms (Teukolksy et al. 2007) and it is much faster and exact than a grid search. Moreover, it provides a linear estimate of the errors of the parameters from the values of the variance-covariant matrix. In Fig. 3 , we show an example of data and the best-fitting curves for the Hi-net station N.YMDH located in the northeast Japan for all the frequency bands considered in this paper. The location of the station is indicated in Fig. 1(a) by a triangle in Tohoku area.
Coda attenuation Q

−1 c
In this paper, we would like to analyse the overall decay of coda power envelope at frequency f , measured by Q −1 c by using the single scattering model
and compare it with the results for Q c approaches a constant value at a lapse time of about 24 s, at least for shallow events (depth <23 km) in Nagano, Japan (Kosuga 1992) . However, this lapse time depends on the frequency band and the location and depth of events.
There are previous measurements of Q c from Hoshiba & Goto (1988) . In this paper, they considered only vertical components, focal depths less than 60km and epicentral distances less than 120 km. A time window of 2r/v to 2r/v+40 s from the origin time was adopted. Results are listed in Hoshiba (1993) for all the parameters. Q −1 c was also measured later on using Hi-net data by Jin & Aki (2005) . They used very different conditions. They used events located within 30 km from the stations. The lapse time was 272 E. Carcolé and H. Sato Orange, red and green points correspond to the first, second and third window, respectively. The continuous lines corresponds to the fitting carried out by using a synthetic model. The location of the station N.YMDH is indicated in Fig. 1(a) by means of red triangle. c averaging over the three components. In our paper, we computed Q −1 c using closer conditions to the work of Hoshiba (1993) . In our case, we consider hypocentral distances within 100 km. The portion of the time trace used to compute Q s as in Hoshiba (1993) . To compute Q −1 c from every waveform, we compute the smoothed trace of the square sum of the three components of the seismograms (MS seismogram envelope) and followed the same process as in the last subsection to obtain the envelopes. After filtering, to compute Q −1 c , the envelopes are slightly smoothed via convolution with a rectangle function. The time length of the window defined with the rectangle function is different for each frequency band. We consider smoothing as an important step that has to be done carefully. If we choose a wide smoothing window, the signal will be distorted and decay ratio may be altered, since we are dealing with an exponentially decaying signal. If we choose a too much small smoothing window, the small values (near zero) will take too much importance when the logarithm is taken to compute Q −1 c . In the literature, different authors use different smoothing windows in their studies. We choose the following smoothing windows: 2 s for 1-2 Hz; 1 s for 2-4 Hz; 0.5 s for 4-8 Hz; 0.25 s for 8-16 Hz,; 0.12 s for 16-32 Hz. Our criterion is to take a time that corresponds to twice the period of the first corner frequency of each band (or four times the period of the second corner frequency). After taking the logarithm of the smoothed envelope, a rippled signal is obtained that decays linearly in time. We notice in here that we keep a 100 Hz sampled signal after filtering, smoothing and taking the logarithm. This way we keep a time trace that still corresponds to the original one. Afterwards, the corresponding linear regression is taken in order to estimate Q −1 c . The process of performing a linear fitting is a smoothing process all by itself. Then, the process of obtaining Q −1 c really involves two smoothing processes.
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Mapping
The results of every attenuation measurement is assigned to the coordinates of each station. This is an important decision since we wish to show the dependency of the results with the location of the station used to perform each measurement. The result in each station should represent an average of the attenuation parameters around the station. Taking into account that the maximum hypocentral distance under consideration is 100 km and the maximum depth is 40 km, this is quite a large volume of about 100 km depth (in the single scattering approximation). From this fact it seems that the variation of the parameters should be smooth. However, in Japan, due to arc volcanism and the subduction of tectonic plates, lateral variations are strong, as shown by many previous studies based on different techniques, as seismic velocity tomography. This means that the characteristics of the environment of each station may rapidly change as a function of the coordinates and it makes necessary to assign each measurement to the coordinate of the corresponding station. Then, in the maps, for certain regions noticeable gradients will be observed.
Mapping the results has been performed by means of GMT routines. Specification of values of parameters used in the GMT routines is provided in Appendix A to allow readers to reproduce similar maps in the future. Also some technical details are briefly commented. In Section 4, we describe the results in detail. We shall provide now a brief description of the most striking, gross features that can be observed in the maps. In the scattering loss maps, we can observe that in the 1-2 Hz map, there is a very different behaviour between the northeast (stronger scattering loss) and the southwest (much weaker scattering loss). In the northeast of Japan, areas with strong scattering loss correspond mainly to the location of the volcanic arcs. In southwest Japan, Chugoku region and the west side of Kii peninsula show strong scattering levels for the 4-8 Hz and higher frequency bands. In Hokkaido, strong scattering loss and intrinsic absorption can be observed for the lower frequency bands. In the Sendai plain, we find strong scattering loss for all the frequency bands. Under all these areas strong low velocity anomalies exist as we point out in detail in the next section. In Tohoku area the east side shows lower intrinsic attenuation than the west side. This characteristic seems to extend to the southern part of Hokkaido. It also extends to central Japan, in Chubu area and Kanto area. In Kanto area, the values of intrinsic absorption are lower than in the surrounding areas; but in the region around the Itoigawa-Shizuoka tectonic line and in its western side strong absorption areas are observed. The behaviour of each area for intrinsic absorption is similar to the behaviour observed in the Q −1 c maps. The mapping of the estimate of the errors does not show a random distribution. The mapping of the estimate of the errors shows region dependent distributions that seem to provide information about both the scattering and absorption phenomena. It is tempting to interpret the errors associated with the measurement of the attenuation parameters in terms of the degree of heterogeneity of the media. However, there are many kinds of heterogeneities in the crust of Japan, so it is difficult to establish the meaning of 'degree of heterogeneity' for each region.
B A S I C C H A R A C T E R I S T I C S O F T H E
In order to show consistency with previous results obtained in similar conditions, we would like to show a comparison between Hoshiba (1993) used in Hoshiba's paper. The correlation with our results seems quite satisfactory taking into account the differences of instruments and data set.
In Jin & Aki (2005) different conditions were used to compute Q −1 c as already discussed in the previous section. To compare exact values from both results is quite difficult; however, differences in the results are clear in some regions. Differences also depend on the frequency band. For instance, in the 16-32 Hz band we obtain different behaviours in each region, but in their results all Japan Islands show up as an homogenous area. These differences point out the importance of lapse time in the computation of Q In Fig. 8 , we compare our results with other results obtained around the world plotted in Sato & Fehler (1998) and Yoshimoto & Jin (2008) . We plot the average value of each parameter for each frequency band and the corresponding standard deviation indicated by means of error bars. These graphics show the overall frequency dependence of g 0 , Q show a similar pattern, at that scattering has a higher importance than intrinsic absorption for the lowest frequency band.
In the following, we shall describe the structure of our maps depicted in Figs 4-7 by regions. For every region, the main geotectonic characteristics are introduced. Then, the results in our maps are explained in correspondence with the available information of each area.
C H A R A C T E R I S T I C S O F T H E AT T E N UAT I O N M A P S
Here, for each region of Japan, we describe the resultant characteristics of attenuation in relation with the seismotectonical setting and
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other previous studies, including seismic tomography and strain rates measured by the GPS Earth Observation Network of Japan (GEONET), which includes more than 1200 GPS stations with an average distance of 20 km (Sagiya et al. 2000) . Surface deformation is closely related to tectonic activity and internal mechanical processes of the crust, which may affect the propagation of the seismic waves.
The following tectonic plates exist in and around Japan: the North American Plate (NAM), the Eurasian Plate (EUR), the Philippine Sea Plate (PHS) and the Pacific Plate (PAC) (see Fig. 1 ). The regional stress field caused by the motions and interactions of these plates produces intense seismic and volcanic activities and active crustal movement beneath Japan. Two of the plates subduct beneath the Japan Islands. One is the PAC moving towards the west and subducting into the mantle with a dip angle of about 30
• and at a rate of about 80 mm yr −1 from the Japan Trench relative to the NAM. The other is the PHS moving to the northwest. This complex setting originates strong lateral variations of the properties of the crust and a complex geological setting that is different for every region of Japan. Fig. 2 contains the names of the main topographic features used in description and discussion of the results.
Hokkaido
Geological and tectonic setting of Hokkaido
The northern island of Japan, Hokkaido, is located at the conjunction of two active island arc-trench systems; the Northeast Honshu Arc-Japan Trench and the Kuril Arc-Trench. Hokkaido is divided into three major regions with regard to its geology, Western, Central and Eastern Hokkaido, (Arita et al. 1998; Itoh et al. 2005; Ueda 2005) . Central Hokkaido has been occupied by two subduction-accretion systems between the palaeo-Eurasian and palaeo-North American plates; the first one is a N-S-trending, westward-subducting system of Late Jurassic to Palaeogene age, and the second one in the east is an eastward-subducting system of Cretaceous age (Kato et al. 1990) . Central Hokkaido has undergone two stages of collisions since the Early Tertiary. The process of collision is still continuing and the Hidaka Mountains and their surroundings are therefore collectively termed as the 'Hidaka Collision Zone' (HCZ). In Western Hokkaido there is a depression zone located to the west of the central collision zone. The Oshima Peninsula can be considered from a geological point of view as a northern extension of the northeast region of the Honshu island. Eastern Hokkaido is in the Kuril Arc, and it is divided into a forearc and an backarc by the east-west oriented volcanic front. In the forearc there are lowlands as the Konsen plateau and the Kushiro plain composed of Quaternary sedimentary rocks.
Hokkaido is under compression due to the subduction of the PAC (Sagiya et al. 2000; Toya & Kasahara 2005) . Strong strain rates have been measured along the volcanic front in eastern Hokkaido and also in the southwest of the HCZ. Strong shear and rotational strain rates have been detected in the volcanic front of eastern Hokkaido and in the Hidaka Range.
Characteristics of the attenuation maps
Intrinsic absorption. For the band of 1-2 Hz, the region of central Hokkaido shows up as a region of quite strong intrinsic absorption (Q Scattering loss. The volcanic front clearly appears in our maps in the band of 1-2 Hz. Also, a north-south belt shows up as a strong scattering structure in the map. Main values concentrate in a wide region of the north and in a more reduced area in the south, in coincidence with a region with active faults reaching a maximum value of (Q −1 s ≈ 10 × 10 −3 ). As the frequency increases, the high scattering zone corresponding to the volcanic front concentrates in the eastern volcanic area up to the band for 4-8 Hz, and disappears for higher frequencies. This region shows very high strain ratios contractional, shear and rotational (Sagiya et al. 2000; Toya & Kasahara 2005) . It also shows the highest albedo values in Hokkaido for most frequency bands. For the 2-4 Hz frequency band it reaches the maximum value in Japan B 0 ≈ 0.4. In the band of 1-2 Hz albedo has noticeable values in both the volcanic arc and the north-south structure. The north-south structure reduces its size to the west side and vanishes as frequency increases. It is remarkable that the region of the Hidaka Mountains show low scattering values for all the frequency bands.
Coda attenuation Q 
Tohoku
Characteristics of the region
The Tohoku region belongs to the Northeastern Japan Arc which lies to the west of the Japan Trench where the PAC descends beneath the NAM (Hashimoto & Matsura 2006) . The tectonic structure of northeast Japan is characterized by the thrust folds and folds with their strikes parallel to north-south direction (Sato 1994 ). This suggests long-term duration of east-west compression, as reported by Sagiya et al. (2000) . The Northeastern Japan Arc is divided into a forearc (east side) and backarc (west side). Major features of the forearc are the Kitakami Mountains and the Abukuma Mountains, and those of the backarc are the Ou Range, the Dewa Mountains, and the Iide Mountains. The Ou Range runs north to south over about 500 km in the centre of the island arc-the longest range of Japan-but its width is narrow (about 35 km). The range contains a single north-south ridge with Quaternary volcanoes comprising a volcanic front. Below the backarc, upwelling of aqueous fluid from the mantle to the crust occurs (Hasegawa et al. 2005 ). This upwelling is related with the partial melting of material below the Moho. The flow of this material reaches the Moho just below the volcanic front.
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Several studies have been performed in order to study the presence of arc magma and fluids under the central part of northeastern Japan (Nakajima et al. 2001a,b) . These studies determined that partial melting of materials exist in the uppermost mantle along the volcanic front and they spread up to the midcrust of the volcanic areas. In the upper crust of the volcanic areas, water rather than melt exist there. Strong strain rate have been measured in the southern part of the volcanic front of Tohoku (Toya & Kasahara 2005) .
Characteristics of the attenuation maps
Intrinsic absorption. In the intrinsic absorption maps, two main facts can be observed, the volcanic front and a clear difference between the backarc (west side) and forearc (east side) behaviour. In the 1-2 Hz band the volcanic front shows up. However, it does not appear as a uniform north-south axis and shows a complex structure in contrast with the behaviour of the scattering loss and seismic albedo maps. Absorption is clearly weaker in the forearc than in the backarc for all frequency bands. In order to show the frequency dependence of this different behaviour, in Fig. 9 , we plot the values of intrinsic absorption for all stations located in a region between 39
• and 40
• latitude against of the longitude. For 1-2 Hz maximum values correspond to the volcanic arc for a longitude of about 140.5
• . For a higher longitude of about 140.75
• , a sudden decrease is observed in all frequency bands, which indicates the border between the forearc and the backarc behaviour. 
This region corresponds to maximum strain rates in Tohoku (Toya & Kasahara 2005) . As frequency increases, this strong attenuation region, which also shows high albedo values, extends to the northwest. In Tohoku, Q −1 s has its smallest values in the 1-2 and 2-4 Hz band in coincidence with the Kitakami range.
Coda Q −1 c . In the 1-2 Hz band the volcanic front on the Ou range becomes clearly visible in the map. For all frequencies, lowest values of attenuation are found mainly in all the regions where the Pacific slab has less than 100 km depth (Nakamura et al. 2008) . This behaviour can be also observed in the intrinsic absorption maps. This line does not only define a good portion of the forearc of northeast Japan, but also defines a low attenuation zone through Kanto area and Hokkaido island. The Akita basin and Niigata basin (Chubu) show low attenuation in the 1-2 Hz frequency band. In Jin & Aki (2005) it can also be observed that Q −1 c is higher in the back arc for 2-4, 4-8 and 8-16 Hz, although the difference is not so clear as in our case. We also find a different frequency dependence for the back arc and forearc that is not detected in Jin & Aki (2005) .
Central Japan (Chubu, Kanto)
Geological and tectonic setting of central Japan
Three arcs, the 'Northeastern Japan Arc', the 'Southwestern Japan Arc' and the 'Izu-Bonin Arc', meet in the central part of Honshu. In Kanto region, the PAC subducts from east and the PHS subducts from southeast.
The Itoigawa-Shizuoka Tectonic Line (ISTL) is the border between the EUR and the NAM and it runs north to south in central Honshu. Then, it divides Honshu into the Southwestern Arc and the Northeastern Japan Arc. The ISTL is an active fault system with the largest slip rates (4-9 mm yr −1 ) in Japan . A zone in the northeast of the Itoigawa-Shizuoka Tectonic Line (ISTL) is called 'Fossa Magna'. The volcanic front which extends from Northeastern Japan turns southward at the Fossa Magna and continues toward the Izu-Bonin Arc from north to south crossing over Honshu Island. On the western side of the ISTL there are three important ranges. From north to south, we have the Hida Range, the Kiso Range and the Akaishi Range. This region is intensely uplifted and there are many active faults. Central Japan accumulates the largest number of faults in Japan. The Median Tectonic Line (MTL), which is the longest tectonic line in Japan, (about 1000 km) runs from eastern Kyushu to the Kinki region, and curves to the northeast in the Chubu region where it coincides with ISTL.
We pay special attention to the Hida range, since several important seismological studies have been conducted in this area (Aoyama et al. 2002) . The northern part consists of several peaks rising 3000 m above the sea level. The uplift of this area began in the late Tertiary and continued through the Quaternary (Fukao & Yamaoka 1983) . Geological studies reveals many faults in these mountains (Yamada et al. 1989) , indicating that the deformation of the Hida Mountains is very large and progresses rapidly. The seismological surveys of crustal structure beneath the Hida Mountains reveal the existence of a low Q and a low velocity anomaly beneath the main range at a depth of ∼10 km below sea level (Katsumata et al. 1995; Matsubara et al. 2000) . These results may suggest the existence of a partially molten region under the Hida Mountains as suggested by Mizoue et al. (1983) , Katsumata et al. (1995) and Yamazaki (1996) .
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The Kanto Plain, which is the largest plain in Japan, expands to the east of the Kanto Mountains, where there is a broad depression area. The Izu Peninsula, located to the south of the Kanto Mountains, is a block of the Izu-Bonin Arc accreting to and colliding with the Honshu Arc. Mt Fuji, the largest basaltic stratovolcano in Japan is located to the north of Izu peninsula.
There is a high-strain rate band crossing central Japan from Niigata to Kobe. Tada, Sagiya and Miyazaki (Tada et al. 1997; Sagiya et al. 2000) proposed to call this zone as the Niigata-Kobe Tectonic Zone (NKTZ) (see Fig. 1 ). The NKTZ is considered a part of plate boundary between the NAM and EUR. One important characteristic of the NKTZ is that the high-strain zone is relatively wide, about ∼100 km wide. Areas showing maximum contraction strain rates in Central Japan are the Niigata-Northern Fossa magna basin and the region corresponding to the Boso peninsula.
Characteristics of the attenuation maps
Intrinsic absorption. For 1-2 Hz, Q −1 i has the maximum values in Japan reaching Q −1 i ≈ 6.7 × 10 −3 . Strongest attenuation happens in a triangular shaped region that contains the quaternary volcanoes located in the Hida Mountains and Hida highlands in correlation with previous attenuation studies. This region is mainly located in the west side of the ISTL, but its northeast side also contains a portion of the Fossa magna.
In the 2-4 Hz band absorption is strong only in the Northern Fossa Magna also in coincidence with previous studies. For 4-8 Hz the high absorption area is much more reduced. For 8-16 Hz the absorption map looks very similar to the one of 16-32 Hz. The connection between the fore arc region of Tohoku and this wide absorption area is very clear in the 8-16 Hz band. One can observe how the forearc region of northeast Japan ends up in the ISTL. In the western part of this line much stronger attenuation regions can be observed.
In Kanto area, the lowest attenuation appears in the north (also for coda attenuation). This area has high levels of albedo (B 0 ≈ 0. It is interesting to check the frequency dependence of Q −1 s since the Niigata basin shows up again. Also, around the ISTL a change of behaviour is observed and it seems to behave as a boundary between northeast and southwest Japan. It is notable the abrupt change in the frequency dependence in the west side of the ISTL.
Attenuation of coda Q −1
c . For the frequency band of 4-8 Hz and higher frequency bands, the low Q −1 c region corresponding to the forearc of northeast Japan seems to end up in the north of Kanto area. These low values for coda attenuation lie inside the region where the PAC has a depth smaller than a 100 km, showing once again the importance of the tectonic setting for the interpretation of our maps.
For 1-2 Hz, stronger attenuation is observed in a quite large triangular region that contains the quaternary volcanoes located in the Hida Mountains and Hida highlands and it is similar to intrinsic attenuation. This region is mainly located in the west side of the ISTL, but its northeast side also contains a small portion of the Fossa magna. This high attenuation region seems to continue in its western side to the north of Kansai area and it reaches Chugoku region. For the same frequency band high attenuation values can be observed in a small region containing volcanoes of the Izu-Bonin volcanic arc. For higher frequencies the maps show significant changes. In the frequency bands of 2-4 Hz, 4-8 Hz and in lesser extent for 8-16 Hz, a high attenuation region can be observed in the northern Fossa magna on the NKTZ. Finally, for 16-32 Hz a wide region with strong attenuation located in the west side of the ISTL is imagedin the map. This area contains the highest number of active faults in Japan.
In Kanto area, the strongest attenuation is observed in the Boso peninsula for 4-8 Hz. This area shows strong contraction rates and strain rates. Although Kanto area is relatively small, it does not show a uniform behaviour and different frequency dependence is observed throughout this region. For instance, the area corresponding to Tochigi prefecture, show a particular frequency dependence and low attenuation for all frequency bands. This region can be also distinguished in the 4-8 Hz map in Jin & Aki (2005) .
Southwestern Japan (Kansai-chugoku-shikoku)
Geological and tectonic setting of southwestern Japan
In the Kansai-Chugoku-Shikoku region the PHS is subducting beneath the EUR from the Nankai Trough with a very shallow dip angle. The Southwestern Japan Arc is divided into an outer (southern) zone and an inner (northern) zone by the MTL (Taira 2001) . In the inner zone, mountains, basins and plains are situated complexly as a result of unequal tectonic activities in contrast to the outer zone. Landforms of the Kinki region are characterized by the alternating distribution of north-south oriented mountains and lowlands caused by considerable faults. The Chugoku Mountains extend nearly east to west in the western Kinki region. The Seto Inland Sea, which contains an archipelago, lies between Honshu Island and Shikoku Island. In the outer zone landforms are characterized by mountain belts nearly east-west oriented, the Kii Mountains and the Shikoku Mountains. Shikoku Island and Kii peninsula are under high dilatation, shear and rotational strain rates.
Characteristics of the attenuation maps
Intrinsic absorption. In the 1-2 Hz band, intrinsic absorption show quite uniform values. As we consider higher frequency bands, the lowest values of Q i can be noticed in a spot in the west side of Kii peninsula from 4-8, 8-16 and 16-32 Hz bands. This is the so-called Kinki spot, and has been the subject of numerous studies (Salah et al. 2005) . In the highest frequency band all Kansai area shows strong intrinsic absorption.
Scattering loss. Shikoku Island and the southernmost region of Kii peninsula show very weak scattering. Shikoku is the area in Japan with the lowest scattering loss for all the frequency bands. Also the seismic albedo shows the lowest values in Japan for Shikoku for all the frequency bands.
In Chugoku, attenuation is slightly higher than in Shikoku for the lowest frequency bands. For the frequency band of 4-8 Hz and for higher frequencies, a strong scattering/high albedo area arises in Chugoku, probably related with the arc of Quaternary volcanoes located near the shore of the Japan sea, since this high scattering region continues to the north of Kansai and reaches the region of quaternary volcanoes in Chubu area. For 4-8 Hz and higher frequency bands also a strong scattering region (the Kinki spot) in the west side of the Kii peninsula can be seen.
Coda Q −1 c . For 1-2 Hz the quaternary volcanic arc of Honshu becomes visible as a high attenuation band from western Chugoku to the centre of Japan in the Chubu region. Values of attenuation are quite low for Shikoku and also the north of Chugoku area for higher frequency bands. In Kansai, the Kinki spot can be seen in the west side of Kii peninsula for all frequency bands with different degrees of attenuation for each frequency band. This spot is not detected in Jin & Aki (2002) , but, in general, a higher similarity is found with our maps in this area of Japan for 2-4, 4-8 and 8-16 Hz.
Kyushu
Geological and tectonic setting of Kyushu
Kyushu island is located at the intersection of the southwestern Honshu arc and the Ryukyu arc. Very active volcanoes are located in this island: Unzen, Aso, Sakurajima, etc. The Unzen volcano is located at the western tip of the central Kyushu Rift Valley or Beppu-Shimabara Graben, which divides Kyushu into northern and southern blocks. The Northern area of Kyushu Island is the extension of the inner zone of the Chugoku region. Some of the geomorphic characteristics and the nature of past volcanic activities are similar to those of the Korean Peninsula (Taira 2001) . A non volcanic mountain belt, the Kyushu Mountains, is located to the south of the volcanic zone of central Kyushu. Active volcanoes are distributed along the volcanic front of the Ryukyu Arc to the south of the Kyushu Mountains. At Kagoshima Bay, the Sakurajima Volcano is the most active volcano in Japan, situated in the southern end of Kyushu. Sakurajima volcano accumulates a high dilation rate. Contractional strains are important in the eastern part of the central area. Large shear strain rates are observed in the southern area as well as rotational strain rates.
Characteristics of the attenuation maps
Intrinsic absorption. In the 1-2 Hz band, strong absorption happens in a region populated by the Quaternary volcanoes on the west side of the Beppu-Shimabara grabben. Q 
D I S C U S S I O N
In the last section, we have shown maps of the seismic wave attenuation parameters which show strong regional variation of the parameters. We discuss now the possible relationship of the results with the geotectonic setting of each region, volcanism mechanisms, and velocity structure obtained by means of seismic tomography. Wang & Zhao (2005) determined detailed 3-D seismic velocity structures in Hokkaido. They found strong low velocity zones in the crust and upper mantle wedge continuously along the NE Japan and Kuril arcs beneath the active volcanoes. They consider that these anomalies are caused by large volumes of aqueous fluids that are released from the subducting slab. Also in the north region of Hokkaido island at shallow depths it shows very low velocity for both Vp and Vs and high Vp/Vs ratio (Nakamura et al. 2008) . This large anomaly seems to extend towards the south and ends up in the west side of Hidaka Mountains. The results in our maps strongly correlate with these results. We obtain high scattering or/and strong absorption in these areas. The frequency dependence of scattering can be interpreted in terms of the size of the heterogeneities caused by the upflow of fluids and the frequency dependence of absorption probably depends on the composition and distribution of the fluids. Clearly, the strong absorption in the northern region might be related with the presence of partially melted magma at shallow depths.
In the Tohoku area, the different level of intrinsic absorption between the backarc and forearc that shows up in our maps has already been reported by several authors using quite different methods. For example, (Tsumura et al. 1996 (Tsumura et al. , 2000 found low Q −1 p values are distributed in the Kitakami and Abukuma mountain ranges and high Q −1 p zones are distributed along the volcanic front to the west of these mountain ranges. In Yoshimoto et al. (2006) and in the citations there in a stronger absorption of seismic waves is found in the volcanic range and the west side of it. In Sekine (2005) it is also possible to clearly observe a higher attenuation in the volcanic range and its west side in the 5 Hz band. Similar results were obtained earlier by Umino & Hasegawa (1984) . Wang & Zhao, (2005) observe very clearly that the velocity anomalies are located under the volcanoes and report low-velocity zones in the uppermost mantle beneath the volcanic front, which are inclined towards the backarc side. This is also nicely depicted in fig. 12 of Nakajima et al. (2001) . They believe that large volumes of aqueous fluids might be released upwards by dehydration reactions in the subducting oceanic crust and sediments. This uneven distribution of the velocity anomalies together with a corresponding higher level of fluid uploading may, in our opinion, be the origin of the different amount of absorption that we observe in the backarc region. Moreover, the velocity anomalies are able to scatter seismic waves. Studying the peak delay analysis of S-wave envelopes, Takahashi et al. (2007) found that peak delay times observed in the backarc side of the volcanic front show clear path dependence related to the Quaternary volcano distribution. Only large peak delays were observed for the ray paths propagating beneath Quaternary volcanoes. This means that seismic waves suffer multiple forward scattering and diffraction during their traveltime inside the low velocity structures.
The strongest low velocity anomaly in the fore arc happens under the area corresponding to the Sendai plain, at quite shallow depths (Wang & Zhao 2005) . They detected it from 25 to 40 km. Also, in the same area, in the cross sections of velocity anomalies for P and S waves in Nakajima et al. (2001) , it possible to observe a low velocity anomaly for P and S waves with a high Vp/Vs ratio that seems a prolongation of a more deeper v-shaped body that seems to feed the volcanic range. This region has been the subject of a deeper analysis in Asano et al. (2004) . They computed a 3-D distribution of scattering coefficients in this area. They report large scattering zones in this area that merge in the lower crust. These regions also correlate with the known low velocity regions. Then this low velocity anomaly/high scattering area together with its deeper structure is related with the strong scattering attenuation in our scattering maps for all the frequency bands.
In central Japan, it seems quite clear the relationship between the shape of our maps and the volcanism and tectonic setting of this complex area. For instance, Nakajima & Hasegawa (2007) clearly show the existence of low velocity areas under the volcanoes of central Japan. These low velocity areas are interpreted as the upflow of partially melted magma and water from the dehydration of the subducting Philipine sea slab and they probably feed the volcanic area. The PAC, which lies underneath the PHS in the west side of the ISTL, does not produce volcanism in this area, since the upflow from the PAC is blocked by the PHS. It is quite surprising that the scattering belt in our maps stops suddenly at the ISTL. However in the north of Central Japan, may be the upwelling from the PHS helps creating a continuous volcanic arc that shows high levels of absorption and/or scattering.
In several frequency bands, a high attenuation region can be observed in the northern Fossa magna, especially for Q
c . This strong attenuation region coincides with the one studied by Kurashimo & Hirata (2004) and Sato et al. (2004) . They found a low velocity zone and low Vp/Vs, that extends to a depth of 10 km which indicated the presence of aqueous fluid filled pores. Although they did not determine the extent of this region, it seems from our maps that it corresponds to a large area in the Fossa Magna. This region extends in south direction through the ISTL tectonic line up to approximately to its coincidence with the MTL. This region contains an important number of quaternary volcanoes from both sides of the ISTL. In the north direction it seems to extend to the Niigata Basin.
In the northern area of Kanto region, in the area of Tochigui prefecture, the velocity of S-waves is the lowest in Japan for shallow depths ≤5 km (Matsubara et al. 2008) . For 10 km depth, however, the reported velocity anomaly for Vs turns to positive values. For 20-30 km depth, high Vp/Vs values are reported in the west side of the prefecture in a region under active quaternary volcanoes. In this area, the resulting intrinsic attenuation is low, scattering is relatively high and as a consequence albedo is so high. May be some trapping of energy happens because of the velocity contrast at shallow depths, producing a low attenuation of the seismic waves.
It is interesting to compare the frequency dependence of Q −1 s in relation with the volcanic front and the strong frequency dependence of envelope broadening observed in the forearc region by Obara & Sato (1995) . In the west of the volcanic front, scattering loss decreases with frequency faster than in the east side. Obara & Sato (1995) found a very similar result; the frequency dependence of envelope broadening is also higher in west side of the volcanic front.
The NKTZ does not show up as a uniform tectonic line, as for instance, the ISTL. In the 1-2 Hz band, for the maps of seismic albedo and scattering loss, the ISTL seems clearly a sharp boundary between Northeast Japan and Southwest Japan. However, remarkable facts can be noticed on the NKTZ for different frequency bands and attenuation parameters. Its northern side shows high scattering loss for all frequency bands. In the central part high absorption values can be noted for the 1-2 Hz band. In its southern part in Kansai region, high scattering values can be observed for 4-8, 8-16 and 16-32 Hz. For Q −1 c very important attenuation is observed in the 1-2 Hz in the southern and central regions and for 2-4 Hz in the northern region. In Jin & Aki (2005) they found higher attenuation in the northern and central part of the NKTZ for the 1-2 Hz band. Finally, we would like to note that attenuation is not produced by high-stress ratios, but it may be produced by some of its consequences. However, higher correlation between low velocity anomalies on the NKTZ and the corresponding values of the attenuation parameters has been established.
In a recent paper, tomographic evidence for the mantle upwelling in southwestern Japan has been reported (Nakajima & Hasegawa 2007) . Their results show the existence of a large low-velocity anomaly below the Philippine sea slab in the Chugoku and Shikoku districts at least down to depths of 300 km. From this deep low velocity zone, two shallower low-velocities are detected. One is located in the Chukogu area, in the leading edge of the PHS. The leading edge is located under the Chugoku Mountains and has been detected by means of velocity tomography (Nakajima & Hasegawa 2007) and previously from receiver function analysis (Shiomi et al. 2004) . It extends to the north of Kansai area and reaches the volcanic area in the centre of Chubu region. The low velocity zones are interpreted as upwelling of magma flow that feeds the quaternary volcanoes in the north of Chugoku area. We would like to notice also that the Moho and the Conrad discontinuities bends down just beneath the Chugoku mountains (Yamauchi et al. 2003; Shiomi et al. 2004) probably in relation with the velocity anomaly.
In Kii peninsula, the upwelling happens through the slab at depths of 30-60 km beneath the Kii peninsula in the Kinki spot. It has been studied previously by several authors, and their results correlate with this interpretation: high terrestrial heat flow is detected in the western part of Kii peninsula (Okubo 1993) . Also (Salah et al. 2005) and Nakamura et al. (2008) report low values for Vs and Vp in western Kii peninsula. (Salah & Zhao 2003) interpreted previously the shallow low velocity region as produced by fluids coming from the dehydration of the subducting Philippine Sea slab and show rather clear velocity maps although only for shallow depths for this velocity anomaly. Then, the correlation with the results in our maps 284 E. Carcolé and H. Sato for scattering loss is quite clear. The high scattering regions clearly coincides with both low velocity regions both in size and extent. The frequency dependence in scattering can then be interpreted in terms of the scale of the heterogeneities in every region. Scattering coefficients show then a different behaviour for the inner and forearc for the higher frequencies.
The PHS subducts very steeply under Kyushu down to depths of 150-200 km. It is the steepest subduction geometry in Japan (Nakajima & Hasegawa 2007 ). The differences in the slab geometry between the adjacent regions of Chugoku and Shikoku correlate with the differences in our maps, as well as volcanic activity, suggesting the importance of the geometry of the PHS on the properties of the crust. In the south of Kyushu, prominent low-velocity anomalies are visible at depths of 10-40 km along the upper boundary of the subducting plate (Wang & Zhao 2006; Nakajima & Hasegawa 2007; Nakamura et al. 2008; Matsubara et al. 2008) . This volume may correspond to the upwelling flow from the dehydration of the slab. Then, it seems possible to correlate the high absorption levels in Kyushu to the existence of magma flow that originates the volcanism in Kyushu. For example, in Wang & Zhao (2006) , it is possible to observe, in the figures corresponding to vertical sections, two large velocity anomalies from a depth of 60 km up to the surface under the central part and northeast part of the Kyushu Mountains, although in those areas there are no volcanoes. In the frequency band of 8-16 Hz, the maximum values of Q −1 i corresponds to those areas.
F U RT H E R D I S C U S S I O N A N D C O N C L U S I O N S
High resolution maps of the seismic wave attenuation parameters (scattering loss and intrinsic absorption) have been obtained by using the MLTWA with S-wave data in high frequencies (1-32 Hz range) provided by the Hi-net seismic network. The maps show strong regional variation of the parameters. We have shown that these variations are related mainly with the geotectonic setting of each region and its volcanism mechanisms. For the lower frequency bands, it is possible to identify volcanic areas of Japan because they show strong scattering loss and/or strong intrinsic absorption. For higher frequency bands there are also high scattering and/or absorption regions that correlate with the existence of low velocity anomalies that are interpreted by other authors as upflow of partially melted magma and water from the dehydration of the subducting PAC and PHS. Then our results match well with the data obtained by means of seismic tomography. Certainly, scattering is mainly produced by velocity and density fluctuations of the media. Velocity fluctuations are expected to be higher in low velocity regions, where fluids like partially melted magma and/or water accumulates or flow. Examples of this kind of region are the volcanic regions. In the volcanic regions seismic waves are known to be strongly scattered (Carcole et al. 2006) . Moreover, intrinsic absorption is strongly correlated with the presence of fluids.
Also some correlation has been observed with strain analysis in Japan. Some areas showing high strain ratios show also strong scattering or absorption values. However, this factor by itself does not seem to be enough to explain the local variations of the parameters, since some regions accumulating high strain ratios do not show any particular behaviour, like Shikoku region. Also, some correlation with stress analysis can be found in the maps showing frequency dependence. The higher exponents correspond to regions with high stress, like the NKTZ. However there are again regions like Shikoku that accumulates high dilatation, shear and rotation rates, but show no distinctive behaviour.
The MLTWA is based on the hypothesis of multiple isotropic scattering in a medium with the homogeneous distribution of scattering coefficient and intrinsic absorption. Although these hypothesis are too simple in the crust of Japan because of the depth dependence and lateral variations on the parameters as, for instance, the velocity of the propagation of the seismic waves, the results are very informative on the characteristics of each region and show the usefulness of the study of the properties of scattered seismic waves in the understanding of the properties of the crust.
The frequency dependence of the parameters is related with the spectral structure of medium heterogeneity. The spectral structure of the media may imply that scattering is not isotropic phenomenon, but highly anisotropic and depending on frequency. Neglecting anisotropic scattering may bias the measurements of the scattering loss. Then, further mathematical development that may allow using anisotropic scattering theories (Sato & Fehler 1998; Carcole & Ugalde 2008) should be necessary in order to get a better measurement of the scattering parameters.
In media with anisotropic scattering one may infer that the MLTWA provides an estimate of an effective scattering loss parameter which is not proportional to the scattering mean free path but to the transport mean free path. In fact, Abubakirov (2005) established a quantitative measure of the biasing of the scattering parameters when the MLTWA method is used. By taking into account the numerical simulations performed in Gusev & Abubakirov (1996) by means of the Monte Carlo method, it is possible to conclude that the MLTWA provides an estimate of about one half of the effective scattering loss coefficient (proportional to the inverse of the transport mean free path), defined by Q −1
ani is proportional to the inverse of the scattering mean free path due to the anisotropic scattering and cos θ is the average cosine of the scattering angle. This quantitative statement is valid for media with Gaussian or fractal power spectral density and moderate forward scattering.
In addition, the vertical stratification of both scattering loss and intrinsic absorption is another fact that may introduce a bias in the results. It has been established by Wegler (2004) that the existence of velocity and/or vertical stratification of the properties of the media have an impact on the estimate of intrinsic absorption. Leakage of energy under volcanoes leads to an apparent exponential decay of the coda which cannot be interpreted as intrinsic attenuation. In the Japanese islands, there is not only vertical stratification but also a non-negligible lateral dependence of the parameters. As already pointed out, these lateral variations are due to the existence of subducting slabs through the east coast, the existence of volcanic arcs through the islands and the existence of low velocity anomalies. These strong lateral inhomogeneities become even clearer when the 3-D velocity model necessary to describe the propagation of both P and S waves in Japan is depicted. Perhaps it might be possible in future studies to develop a model for the better estimation of the parameters by taking into account the complex lateral and vertical structure of the Japanese islands.
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A P P E N D I X A : S O M E T E C H N I C A L D E TA I L S O F T H E M A P P I N G P RO C E S S W I T H G M T
Mapping the results has been performed by means of GMT routines. It is important to provide a small description of technical details of GMT routines in order to allow readers to reproduce the maps and understand our mapping procedure. The function 'blockmean' has been used to create a grid with a spacing of 0.04
• (about 4.5 km) from the original data (which contains only the coordinates of each station and the value of a parameter). This grid distance is used for all the functions here commented and it is smaller than the distance between stations. Then, we make sure that each station only contributes to a single gridpoint located very near to the station. The function surface is used to generate a continuous map with a 'tension factor' of 1.0, which is the maximum value. This value makes it possible to show strong local gradients in the maps when they are present. Then, in a few particular cases, values of single stations can be seen as spots of a different colour. We note here that the function surface interpolates the value of a parameter between the stations in order to assign a value to each point of the grid. In this way a continuous distribution may be shown in the maps. The function grdmask is used with a radius of 0.25
• ; then, the map shows no results if there is no information from any station inside this radius for each gridpoint. This choice limits the maximum interpolation distance in the map. In conclusion, the values of the parameters have been decided as a trade-off between trying to show an informative continuous distribution and at the same time trying to keep the maximum original information about local variations of the parameters being measured.
In order to make clear the importance of the results for every region, a special colour palette has been used to perform each map as in (Carcole et al. 2006) . This colour palette has 14 colours. This allows identifying regions with similar or constant values of the parameters, and at the same time allows observing important gradients when they are present. The maximum and minimum values of the map correspond to maximum and minimum values of the parameters; this allows visualizing clearly the different behaviour of each region.
A P P E N D I X B : C O M PA R I S O N B E T W E E N H O S H I B A ( 1 9 9 3 ) A N D T H E R E S U LT S I N T H I S PA P E R . E R RO R M A P S
In order to show consistency with previous results, we perform a comparison between Hoshiba (1993) and our results obtained with Hi-net data. Hoshiba (1993) is the only source that allows us comparing all the parameters calculated by means of a very similar analysis in different regions of Japan. The comparison has been done for the three frequency bands between the 16 stations used in Hoshiba's paper and the interpolated results plotted in our maps. Comparison is easy since he explicitly wrote down his results in a table. Comparison is shown in Tables B1-B3. Taking into account that the data set is different, that he used a constant velocity model, that he analysed each component separately and that we are interpolating results with nearby stations, the correlation with our results Notes: Hoshiba's results are indicated by (1) and ours by (2). Discrepancies are indicated by bold numbers. The criterion for discrepancy is that the result from Hoshiba does not match our result inside error bounds. We provide error bounds between brackets when necessary. For Q −1 we considered that there is a discrepancy for differences higher than 25 per cent. Notes: Hoshiba's results are indicated by (1) and ours by (2). Discrepancies are indicated by bold numbers. The criterion for discrepancy is that the result from Hoshiba does not match our result inside error bounds. We provide error bounds between brackets when necessary. For Q −1 we considered that there is a discrepancy for differences higher than 25 per cent.
seems quite satisfactory. We would like to note here that (Hoshiba 1993) showed that the final result did not depend on the components used to perform the calculations. Main discrepancies happen in two stations: YAMAG2 in Yamagata prefecture and NIIG2 in Niigata prefecture.
In Figs B1 and B2, we show the errors in the calculation of Q i . The errors have computed from the variance-covariance matrix for each fitting in each station. The maps do not show a random distribution. The errors depend on the area and are probably related with the degree of heterogeneity in the crust of Japan. However, many different kinds of heterogeneities can be considered since the crust in Japan is very complex and many different processes, as the subduction of tectonic plates, volcanism and up flows from the dehydration of the tectonics plates takes place. Then it is difficult to establish what a degree of heterogeneity may indicate under such circumstances. 288 E. Carcolé and H. Sato Notes: Hoshiba's results are indicated by (1) and ours by (2). Discrepancies are indicated by bold numbers. The criterion for discrepancy is that the result from Hoshiba does not match our result inside error bounds. We provide error bounds between brackets when necessary. For Q −1 we considered that there is a discrepancy for differences higher than 25 per cent. 
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